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INTRODUCTION
Legumes are important sources of dietary proteins and fats in developing
countries of the semiarid tropics where peanut (Arachis hypogaea L.) is one
of the important food legume crops. It is a rich source of protein (23 per-
cent) and edible oil (43 percent; Norden, 1980) and is considered one of the
principal economic crops of the world. The genus Arachis belongs to the
subfamily Papilionaceae of the family Fabaceae. It is native to South Amer-
ica and comprises diploid (2n = 20), tetraploid (2n = 40) and octaploid (2n =
80) species.
Peanut is a seed-propagating, self-pollinating crop originating from
Brazil. The geographical classification of peanut is delineated into six re-
gions: the Americas, Africa, Asia, Near East, Europe, and Oceania (Greg-
ory et al., 1980). The total area under peanut cultivation is over 24.8 million
hectares and the world’s production is over 32.8 million tons per year, with
an average yield of 1.32 tons per hectare (Rao and Nigam, 2001). India is
the major producer of peanut, with a total production of 8.9 million tons per
year. Peanuts are utilized in several ways; the edible oil is important for hu-
man consumption and the meal is used for livestock feed. It is also used di-
rectly for food in industrial countries including the United States, Canada,
and the European Union.
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Since the mid 1970s edible peanuts have increased in both domestic con-
sumption and export trade. In contrast, production in Africa has declined by
17 percent over the last two decades. The major reasons for such low pro-
duction are various biotic and abiotic stresses. Resource-poor farmers who
obtain low yields of 500-800 kg·ha–1 due to various biotic and abiotic con-
straints grow about 93.8 percent of the world’s production of peanut.
Aspergillus flavus, which produces aflatoxins, for which no adapted resis-
tant genotype is available, adversely affects peanut quantity and quality. Fo-
liar diseases such as early and late leaf spot caused by C. arachidicola and
Phaeoisariopsis personata (= C. personata) respectively are the most dam-
aging diseases (Subramanyam et al., 1985). Among the insect pests, Spo-
doptera, legume pod borer, aphids, and thrips cause the greatest losses to the
peanut crop (Wightman and Ranga Rao, 1993).
Conventional plant breeding techniques and methodologies have not
been proven successful in imparting resistance against various biotic and
abiotic stresses due to species barriers in the natural system. Peanut im-
provement has been limited due to the lack of integration of resistance to
many diseases and pests from wild species of peanut (Stalker and Moss,
1987) because of problems with sterility barriers and genomic incompati-
bilities associated with traditional breeding. Genetic engineering ap-
proaches have been shown to be comparatively fast, leading to better isola-
tion and cloning of genes controlling desired traits and their introduction
into crop plants for combating biotic and abiotic stresses. Several gene
transfer approaches have been employed to improve stress tolerance in dif-
ferent crop plants (Holmberg and Bulow, 1998). The application of recom-
binant DNA technologies for crop improvement in the semiarid tropics has
shown great potential (Sharma and Ortiz, 2000). The advent of biotechno-
logical tools including marker-assisted selection and gene transfer across
the species barrier has opened up novel opportunities for enhancing seed
quality, disease and pest resistance, viral resistance, abiotic stress tolerance,
and nutritional improvement that are not accessible normally by conven-
tional breeding, that is, they are limited by sexual incompatibility (Sharma
and Ortiz, 2000). However, for successful genetic transformation, a reliable
and effective regeneration system adaptable to transformation methods is
needed. The transformation protocols for peanut are now well established
and development of transgenic peanut expressing desirable foreign genes is
going to be a reality soon (Sharma and Anjaiah, 2000). This chapter briefly
reviews progress with tissue culture and genetic transformation of peanut
and its possible applications for improvement of this important legume
crop.
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TISSUE CULTURE METHODS
Advances in plant tissue culture techniques have been exploited for in vi-
tro regeneration of peanut plants. In vitro regeneration in peanut occurs
through organogenesis or embryogenesis. Regeneration by organogenesis
occurs by the development of shoots directly on the surface of cultured
explants (McKently et al., 1991; Hazra et al., 1989) or by an intervening
callus phase, that is, the development of shoots from the callus tissue (Bajaj
et al., 1981; Bajaj and Gosal, 1983, 1988). In earlier reports, the organogenic
systems that regenerated shoots from immature leaflets, seed explants, de-
embryonated cotyledons, hypocotyls, epicotyls, and anther-derived callus
(Li et al., 1994; McKently et al., 1990; Mroginski and Fernandez, 1980;
Mroginski et al., 1981; Narasimhulu and Reddy 1983; Pittman et al., 1983;
Willcox et al., 1991) had a low frequency and plants were not realized in
good frequencies. There are numerous reports of tissue culture and regener-
ation of peanut from diverse explants with various combinations of phyto-
hormones in culture media (Table 16.1). However, not much success with
genetic transformation of Arachis species was achieved until recently
(Sharma and Anjaiah, 2000) due to the lack of efficient protocols to obtain
whole plants through in vitro regeneration of adventitious shoot buds from
the transformed tissues. This has prompted some workers to adopt non-
tissue-culture-based approaches that do not depend on the regeneration of
adventitious shoot buds for generating transgenic plants of peanut (Rohini
and Rao, 2000). Direct regeneration systems have advantages due to the
rapidity of morphogenesis and no requirement for frequent subculture;
besides, de novo production of shoot primordia is extremely rapid and ini-
tially synchronous with the period of cellular differentiation. Such a regen-
eration system favors easy accessibility for Agrobacterium-mediated ge-
netic transformation. Sharma and Anjaiah (2000) successfully obtained
high-frequency direct shoot regeneration from mature cotyledon explants
in various peanut genotypes. Shoot organogenesis and plants were also suc-
cessfully obtained using immature leaflets (McKently et al., 1991; Sharma
et al., unpublished data). Regeneration via somatic embryogenesis has also
been reported (Cucco and Jaume, 2000; Gill and Saxena, 1992; Zhuang
et al., 1999), which has been used in transformation studies in peanut
(Ozias-Akins and Branch, 1990; Sellars et al., 1990; Chengalrayan et al.,
1994, 1997). However, conversion of somatic embryos into plants remains
inefficient and limits the application of somatic embryogenesis in many
systems, including genetic transformation (Wetzstein and Baker, 1993).
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GENETIC TRANSFORMATION
Genetic transformation for incorporation of novel genes into the peanut
gene pool has opened up new opportunities for crop improvement in this
important legume. The transformation and regeneration protocols for pea-
nut are now well established. Transformation efficiencies frequently are di-
rectly related to the tissue culture response and therefore highly regenera-
tive cultures are often transformation competent. The developments in
genetic transformation in peanut have emboldened researchers to pursue
the development of transgenic peanut plants capable of producing high-
quality peanuts resistant to various diseases, insect pests, and abiotic
stresses (Sharma and Anjaiah, 2000; Rohini and Rao, 2001). Peanut tissue
is susceptible to infection by wild-type strains of A. tumefaciens (Lacorte et
al., 1991). Several methods for DNA transfer are used for the genetic trans-
formation of peanut (Table 16.2). Novel genes can be introduced into ac-
tively growing peanut cells biologically through Agrobacterium-mediated
gene transfer or through direct and physical DNA delivery methods such as
electroporation or microprojectile bombardment. However, Agrobacter-
ium-mediated gene transfer is the most widely applied system in peanut. In-
creasingly, there is a trend toward the use of A. tumefaciens for DNA deliv-
ery in crop improvement programs compared with microprojectile bom-
bardment. This is driven by the development of highly virulent strains and
binary vectors that are useful for genetic transformation and their ease of
use and researcher familiarity. There is also the consensus that because A.
tumefaciens generally delivers only the T-DNA, transgene loci resulting
from A. tumefaciens infection are less complex than those produced via di-
rect DNA delivery methods. A unique advantage of Agrobacterium T-DNA
transfer is the accurate processing of the T-DNA between the right and left
borders and its precise transfer and integration into the plant genome. His-
torically, both microprojectile bombardment and A. tumefaciens have been
used for DNA delivery into either organogenic or embryogenic cultures of
peanut (Table 16.2).
Key Elements of Efficient Transformation
Despite significant advances over the past decade, development of effi-
cient transformation methods can take many years of painstaking research.
Peanut transformation, like all other transformation systems, relies on com-
mon key elements. The major components for the development of transgen-
ic plants are:
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1. the development of reliable tissue culture regeneration systems
2. preparation of gene constructs and transformation with suitable vec-
tors
3. efficient techniques of transformation for the introduction of genes
into the crop plants
4. recovery and multiplication of transgenic plants
5. molecular and genetic characterization of transgenic plants for stable
and efficient gene expression
6. transfer of genes to elite cultivars by conventional breeding methods
if required
7. evaluation of transgenic plants for their effectiveness in alleviating
the biotic and abiotic stresses in the field condition
8. biosafety assessments including health, food, and environmental
safety
9. deployment of genetically modified plants.
Transformation of plants involves the stable introduction of DNA se-
quences, usually into the nuclear genome of cells capable of giving rise to a
whole transformed plant. Transformation without regeneration and regen-
eration without transformation are of limited value. The very basis of regen-
eration in tissue cultures is the recognition that somatic plant cells are
totipotent (i.e., capable of giving rise to a whole plant) and can be stimu-
lated to regenerate into whole plants in vitro, via organogenesis or somatic
embryogenesis, provided they are given the correct hormonal and nutri-
tional conditions (Skoog and Miller, 1957). Adventitious shoots or somatic
embryos are thought to arise from single cells and thus provide identifiable
totipotent cells that are both competent and accessible for gene transfer and
will give rise directly to nonchimeric transformed plants. Transformation
techniques reliant on plant regeneration from in vitro cultured tissues have
been described for many species (Lindsey and Jones, 1989; Dale et al.,
1993; Birch, 1997). There are numerous reports of tissue culture and trans-
formation of peanut from various explants (Kartha et al., 1981; Sastri and
Moss, 1982; Kanyand et al., 1994). Regeneration via somatic embryo-
genesis has also been reported as one of the promising methods for transfor-
mation studies in peanut (Ozias-Akins et al., 1993; Sellars et al., 1990;
Baker and Wetzstein, 1995; Chengalrayan et al., 1994, 1997).
A suitable system for selection of transgenic tissues and plants is one of
the most important aspects of any transformation system. The utility of any
particular gene construct as a transformation marker varies depending on
the plant species and explant involved.
234 Handbook of New Technologies for Genetic Improvement of Legumes
TA
B
L
E
1
6
.
2
.
G
e
n
e
t
i
c
t
r
a
n
s
f
o
r
m
a
t
i
o
n
i
n
p
e
a
n
u
t
.
E
x
p
l
a
n
t
M
o
d
e
o
f
g
e
n
e
t
r
a
n
s
f
e
r
S
t
r
a
i
n
/
p
l
a
s
m
i
d
G
e
n
e
o
f
i
n
t
e
r
e
s
t
T
r
a
n
s
f
o
r
m
a
t
i
o
n
f
r
e
q
u
e
n
c
y
R
e
f
e
r
e
n
c
e
C
o
t
y
l
e
d
o
n
A
t
3
.
3
0
%
R
o
h
i
n
i
a
n
d
R
a
o
,
2
0
0
0
L
e
a
f
A
t
p
B
I
1
2
1
gu
s,
np
tII
0
.
2
-
0
.
3
%
C
h
e
n
g
e
t
a
l
.
,
1
9
9
7
E
m
b
r
y
o
n
i
c
a
x
i
s
A
t
E
H
A
1
0
1
/
p
M
O
N
9
7
9
3
ui
dA
,n
pt
II
9
%
M
c
K
e
n
t
l
y
e
t
a
l
.
,
1
9
9
5
P
b
0
.
9
-
1
%
B
r
a
r
a
n
d
C
o
h
e
n
,
1
9
9
4
P
b
p
A
C
2
M
R
/
p
A
C
H
2
M
R
M
er
Ap
e9
,
hp
h/
M
er
Ap
e9
,
m
e
r
-
c
u
r
i
c
i
o
n
r
e
d
u
c
t
a
s
e
Y
a
n
g
e
t
a
l
.
,
2
0
0
3
E
m
b
r
y
o
n
i
c
a
x
i
s
,
c
o
t
y
l
e
d
o
n
,
l
e
a
f
,
p
e
t
i
o
l
e
e
x
p
l
a
n
t
s
A
t
p
T
i
B
o
5
4
2
/
p
T
i
T
3
7
ui
dA
,n
pt
II
L
a
c
o
r
t
e
e
t
a
l
.
,
1
9
9
1
M
a
t
u
r
e
c
o
t
y
l
e
d
o
n
s
A
t
P
B
I
1
2
1
/
p
R
O
K
I
I
:
I
P
C
V
c
p
IP
CV
(co
at
pr
ot
ein
)
5
5
%
S
h
a
r
m
a
a
n
d
A
n
j
a
i
a
h
,
2
0
0
0
A
t
H
pr
ot
ei
n
ge
ne
K
h
a
n
d
e
l
w
a
l
e
t
a
l
.
,
2
0
0
3
C
o
t
y
l
e
d
o
n
s
A
t
L
B
A
4
4
0
4
/
p
B
I
1
2
1
ui
dA
,n
pt
II
4
7
%
V
e
n
k
a
t
a
c
h
a
l
a
m
e
t
a
l
.
,
2
0
0
0
P
b
p
C
A
M
B
I
A
-
1
3
0
1
ui
dA
,h
ph
1
.
6
%
Y
a
n
g
e
t
a
l
.
,
2
0
0
1
P
b
p
M
O
G
6
1
7
/
p
x
V
G
H
ui
dA
,h
ph
1
6
8
h
y
g
o
m
y
i
n
r
e
s
i
s
t
a
n
t
l
i
n
e
s
r
e
c
o
v
e
r
e
d
W
a
n
g
e
t
a
l
.
,
1
9
9
8
235
Em
b
r
y
o
g
e
n
i
c
c
a
l
l
u
s
P
b
1
%
O
z
i
a
s
-
A
k
i
n
s
e
t
a
l
.
,
1
9
9
3
P
b
p
D
O
4
3
2
/
p
H
y
g
r
/
p
G
I
N
Lu
c,
hp
h
hp
h
5
4
i
n
d
e
p
e
n
d
e
n
t
t
r
a
n
s
g
e
n
i
c
l
i
n
e
s
L
i
v
i
n
g
s
t
o
n
e
a
n
d
B
i
r
c
h
,
1
9
9
5
I
m
m
a
t
u
r
e
c
o
t
y
l
e
d
o
n
P
b
cr
y
1A
c
S
i
n
g
s
i
t
e
t
a
l
.
,
1
9
9
7
S
o
m
a
t
i
c
e
m
b
r
y
o
s
P
b
p
C
B
1
3
-
N
+
p
C
B
1
3
-
N
+
+
hp
h
g
e
n
e
n
u
c
l
e
o
c
a
p
s
i
d
p
r
o
t
e
i
n
g
e
n
e
o
f
T
S
W
V
5
2
h
y
g
r
o
m
y
c
i
n
r
e
s
i
s
-
t
a
n
t
c
e
l
l
l
i
n
e
s
Y
a
n
g
e
t
a
l
.
,
1
9
9
8
E
m
b
r
y
o
n
i
c
l
e
a
f
l
e
t
s
E
l
P
a
d
u
a
e
t
a
l
.
,
2
0
0
0
L
e
a
f
,
e
p
i
c
o
t
y
l
A
t
E
H
A
1
0
1
ui
dA
1
2
-
3
6
%
(
l
e
a
v
e
s
)
1
5
-
4
2
%
(
e
p
i
c
o
t
y
l
)
E
g
n
i
n
e
t
a
l
.
,
1
9
9
8
L
e
a
f
d
i
s
c
s
A
t
p
B
I
1
2
1
gu
s,
np
tII
6
.
7
%
p
u
t
a
t
i
v
e
s
h
o
o
t
s
;
2
0
c
o
n
f
i
r
m
e
d
s
t
e
r
i
l
e
t
r
a
n
s
g
e
n
i
c
p
l
a
n
t
s
E
a
p
e
n
a
n
d
G
e
o
r
g
e
,
1
9
9
4
E
p
i
c
o
t
y
l
P
b
p
K
Y
L
X
8
0
-
N
1
1
p
T
R
A
1
4
0
ui
dA
,h
ph
M
a
g
b
a
n
u
a
e
t
a
l
.
,
2
0
0
0
No
te
:A
t
:
Ag
ro
ba
ct
er
iu
m
tu
m
ef
ac
ie
ns
;
P
b
:
p
a
r
t
i
c
l
e
b
o
m
b
a
r
d
m
e
n
t
;
E
l
:
e
l
e
c
t
r
o
p
o
r
a
t
i
o
n
.
T
A
B
L
E
1
6
.
2
(C
on
tin
ue
d)
236
Selection System
Most vectors used for the genetic transformation of plants carry marker
genes that allow the recognition of transformed cells by either selection or
screening. The most popular selectable marker genes used in plant transfor-
mation vectors include constructs providing resistance to antibiotics such
as kanamycin and hygromycin, and genes that allow growth in the presence
of herbicides such as phosphinothricin, glyphosate, bialaphos, and several
other chemicals (Wilmink and Dons, 1993). For successful selection, the
target plant cells must be susceptible to relatively low concentrations of the
antibiotic or herbicide in a nonleaky manner. Choice of antibiotic and selec-
tive concentration varies across different explants and genotypes in peanut.
Clemente et al. (1992) have shown kanamycin to be an effective selection
agent to select stably transformed callus tissue obtained from immature
leaflets of peanut. To date, kanamycin resistance is the most widely used
selectable marker. Judicious choice of selection levels may be an important
criterion for the recovery of transformed cells, because too high a level
would be deleterious even to the transformed cells at initial stages of screen-
ing. Preculture of inoculated explants for 2 weeks in the absence of selec-
tion was important for enhanced efficiency of transformation, although ab-
sence of selection at initial stages may also result in very low recovery of
transformants (Moloney et al., 1989).
Screenable marker reporter genes have also been developed from bacte-
rial genes coding for easily assayed enzymes, such as chloramphenicol
acetyl transferase (CAT; Herrera-Estrella et al., 1983), -glucuronidase
(GUS; Jefferson, 1987), luciferase (LUX; Olsson et al., 1988), green fluo-
rescent protein (GFP; Reichel et al., 1996), nopaline synthase, and octopine
synthase (Herrera-Estrella et al., 1988). However, in peanut transformation
-glucuronidase (Jefferson, 1987) is the most widely used screenable
marker. The optimization of selection and identification systems is crucial
for improving transformation efficiency. The development of a selection
system based on hygromycin B greatly increased transgenic soybean pro-
duction and reduced both the number of nontransformed escapes and time
in culture (Olhoft et al., 2003).
Agrobacterium-Mediated Genetic Transformation
The naturally evolved unique system of Agrobacterium transfers the for-
eign DNA sequences precisely into plant cells using Ti plasmids. An
Agrobacterium-based DNA transfer system offers many unique advantages
in plant transformation: (1) higher frequency of stable transformation with
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many single-copy insertions, (2) a precise transfer and integration of DNA
sequences with defined ends, (3) a linked transfer of genes of interest along
with a transformation marker, (4) a reasonably low incidence of transgene
silencing, and (5) the ability to transfer long stretches of T-DNA.
Preliminary evidence in peanut transformation suggests gene transfer
into the calli on coculturing seedling-derived hypocotyl explants with
Agrobacterium (Dong et al., 1990; Lacorte et al., 1991; Mansur et al.,
1993). Agrobacterium-mediated transformation using leaf explants of pea-
nut resulted in a transformation frequency of 2 percent (Eapen and George,
1994). The immature embryonic axis has also been employed as an explant
for Agrobacterium-mediated transformation in peanut. McKently (1995)
developed a procedure whereby embryonic axes from mature seeds of pea-
nut cocultivated with A. tumefaciens were stably transformed.. Cheng et al.
(1997) obtained fertile transgenic plants with 0.3 percent frequency using
leaf segments. However, a high transformation frequency was obtained
with cotyledonary node explants precultivated on medium for 3 days fol-
lowed by 4 days of cocultivation with A. tumefaciens strain LBA4404 car-
rying marker gus and nptII genes (Venkatachalam et al., 1998). Shoot re-
generation occurred within 4 weeks. Besides, Yang and co-workers (1998)
introduced the nucleocapsid gene of tomato spotted wilt virus along with
the uidA and nptII marker genes in a sense orientation, into peanut variety
New Mexico Valencia, using Agrobacterium-mediated transformation.
Precultured peanut cotyledons cocultivated for 2 days with Agrobac-
terium strain LBA 4404, harboring pBI121 containing uidA and nptII
genes, followed by transfer on an embryo induction medium containing
NAA, BA, kanamycin, and cefotaxime resulted in transformed embryos,
which efficiently gave rise to shoots (47 percent) on MS medium containing
BA and kanamycin (Venkatachalam et al., 2000). A non-tissue-culture-
based transformation method involving direct cocultivation of cotyledon-
attached embryo axis with Agrobacterium treated with wounded tobacco
leaf extract resulted in a stable 3 percent transformation frequency (Rohini
and Rao, 2000). An efficient system with high transformation frequency,
above 55 percent, based on cotyledon explants forming adventitious shoot
buds (>90 percent) has been developed by Sharma and Anjaiah (2000). A
number of independently transformed peanut plants with coat protein gene
of IPCV were produced by this method. Besides, Agrobacterium-mediated
transgenic peanut plants expressing the hemagglutinin (H) protein of rin-
derpest virus have also been developed as an expression system for the de-
livery of recombinant subunit vaccine through fodder as a means of mass
immunization of domestic ruminants as well as wildlife (Khandelwal et al.,
2003). More recently, Swathi Anuradha et al. (2006) produced promoter
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tagged transgenic plants of peanut using the cotyledonary nodes as explants
and a promoterless fusion gene nptII:gus.
DIRECT GENE TRANSFER
Direct DNA transfer methods can circumvent the genotype dependence
of Agrobacterium infection. Direct gene transfer has been accomplished by
several methods such as microprojectile bombardment, electroporation of
protoplasts and intact tissues, microinjection of protoplasts or meristems,
and polyethylene glycol–mediated transformation of protoplasts. Of these
methods, microprojectile bombardment is the most widely deployed method
for genotype-independent genetic transformation. Microprojectile bom-
bardment or particle gun bombardment has a number of characteristics that
make it an attractive alternative for DNA delivery in peanut and has been
demonstrated as a practical means of introducing a number of agronom-
ically important genes.
Particle bombardment, developed by Sanford and his co-workers (San-
ford, 1990; Sanford et al., 1987; Klein et al., 1988), has been successfully
used for direct introduction of genes into a number of plant species includ-
ing peanut. Choice of the explant for bombardment can be made on the ba-
sis of criteria such as regeneration potential, favorable metabolic conditions
for the expression of a particular genetic construction, or cellular organiza-
tion that facilitates unambiguous selection of the transformants (Schnall
and Weissinger, 1995). Transient expression (Li et al., 1995) and stable
transformation have been observed in callus lines from immature peanut
leaflet tissue bombarded with microcarrier particles carrying plasmid DNA
(Clemente et al., 1992). Of 875 leaflets of the cultivar UPL PN 4 bom-
barded, 202 kanamycin-resistant calli were recovered but only one untrans-
formed shoot was produced. Similar observations were reported by Schnall
and Weissinger (1995) where regenerated plants from slow-growing brown
callus as well as green clusters formed by bombarding leaflets did not show
any stable transformation. However, bombardment of 1-2-year-old embry-
ogenic callus derived from immature embryos followed by stepwise selec-
tion for resistance to hygromycin B in solid and liquid media produced
transgenic shoots at a frequency of 1 percent (Ozias-Akins et al., 1993),
while the shoot meristems of mature embryonic axis produced transgenic
plants at a relatively low transformation frequency of 0.9-1.0 percent (Brar
and Cohen, 1994). Transgenic peanut plants expressing the cry1Ac gene for
resistance to the cornstalk borer (Elasmopalpus lignosellus) have been re-
ported (Singsit et al., 1997) by using the somatic embryos from immature
cotyledons of peanut bombarded with vectors containing the codon-modi-
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fied cry1Ac gene along with the hpt gene for antibiotic resistance with an ef-
ficiency of 0.85 to 2.3 transgenic lines per bombardment. ELISA of Cry1Ac
protein from the putatively transformed plants showed the expression of
Cry1Ac protein up to 0.18 percent of the total soluble protein. Insect
bioassays conducted at a temperature of 27°C, light/dark cycle of 16:8
hours and 70 percent relative humidity also indicated various levels of resis-
tance to E. lignosellus. The transient gene expression as assayed by GUS
assay has been found to be affected by both particle size and amount of
DNA used for coating and to be positively correlated with gene copy num-
ber (Lacorte et al., 1997). Livingstone and Birch (1995) efficiently trans-
formed both Spanish and Virginia types of peanut by particle bombardment
into embryogenic callus derived from mature seeds, followed by single-step
selection for hygromycin B resistance resulting in 3 to 6 independent
transformants per bombardment of 10 cm2 embryogenic calluses with copy
number ranging from 1 to 20 with a mean of 4 copies. Recent reports show
further increased transformation efficiencies, ranging from 2.6 ± 3.5 to 19.8
± 18.5 hygromycin B-resistant lines per bombardment (5 cm2) with fertility
rates of 32 percent (Wang et al., 1998).
Among the different genes that have been introduced by particle gun
bombardment is the 2S albumin gene from Brazil nut (Lacorte et al., 1997).
A high-frequency transformation and regeneration of somatic embryos via
microprojectile bombardment has been achieved with constructs contain-
ing the hpt gene and the nucleocapsid protein (N) gene of the lettuce isolate
of tomato spotted wilt tospovirus (Yang et al., 1998). The primary trans-
formant containing a single copy of the transgene expressing the N protein,
indicating a gene-silencing mechanism operating in the primary transgenic
lines with multiple gene integration, has been observed. More recently, pea-
nut lines exhibiting high levels of resistance to peanut stripe virus (PStV)
were obtained following cobombardment of embryogenic callus derived
from mature seeds of the commercial cultivars Gajah and NC7 with the
hygromycin resistance gene and one of two forms of the PStV coat protein
(CP) gene, an untranslatable full-length sequence (CP2) or a translatable
gene encoding a CP with an N-terminal truncation (CP4; Higgins et al.,
2004). More recently, Bhatnagar-Mathur et al. (2007) developed transgenic
peanut plants by expressing the AtDREB1A gene under the stress inducible
rd29A gene promoter and demonstrated that one of the transgenic events
showed 40 percent higher transpiration efficiency than the control plants
under water limiting conditions.
Preculture and osmotic treatments have important effects on transforma-
tion. Rinsing leaf and epicotyl explants of var. New Mexico in half-strength
MS medium prior to infection has been reported as more conducive to
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Agrobacterium transformation than the runner-type cultivars. The transient
transformation efficiency significantly increased from 12 percent to 36 per-
cent for leaf explants and 15 percent to 42 percent for epicotyls (Egnin et
al., 1998). The preculture process influences the competence for transfor-
mation of bombarded epidermic cells and subepidermic cells on the adaxial
surface of peanut cotyledons. Cotyledons precultured for 3 days on half-
strength MS medium followed by 3 hours treatment in osmosis medium be-
fore particle bombardment with a plasmid containing a chimeric hph gene
conferring resistance to hygromycin and a chimeric intron-gus gene re-
sulted in a high transformation frequency (Yang et al., 2001). The biolistic-
based systems for gene delivery into embryogenic calluses and embryo
axes are labor intensive and require the bombardment of a large number of
explants to obtain a few transformed cell lines (1 percent) which produce
transgenic plants at low frequencies that are often chimeric or result from a
few transformation events.
The advantages of particle bombardment system are: (1) DNA may be
transferred without using specialized vectors; (2) the introduction of multi-
ple DNA fragments or plasmids can be accomplished by cobombardment,
thus eliminating the necessity of constructing a single large plasmid con-
taining multiple transforming sequences; and (3) organelle transformation
is achieved only by particle bombardment. Though the biolistic gene deliv-
ery system has been successfully used to create transgenics, certain draw-
backs of the technique have been observed, for example, high copy number
and rearrangements of transgenes, thus causing gene silencing or genomic
rearrangements.
Different methods based on biological or direct DNA transfer have been
developed for the production of transgenic peanut over the last few years.
Padua et al. (2000) employed an electroporation method for direct gene
transfer into intact embryonic leaflets of peanut in a modified electro-
poration buffer (EPRm) supplemented with 75 µM NaCl. A positive effect
on the number of shoots and regeneration efficiency was observed using
electric strengths of 500-625 v/cm. Research is being carried out globally
with single or multiple gene introductions to produce pest-resistant, health-
ier, and high-quality peanuts.
GENETICALLY ENGINEERED PLANTS FOR PEANUT
IMPROVEMENT
Genes for transformation can be broadly divided into those that will be
used to overcome agronomic limitations (high yield potential, resistance to
biotic and abiotic stresses) and ones that could be used to enhance value-
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added traits (Schnall and Weissinger, 1995). Although major emphasis is
currently being placed on improving the primary constraints, the manipula-
tion of value-added traits, such as flavor and nutrition will be of much con-
cern for peanut improvement using transgenic technology. Transgenic tech-
nology could conceivably be used in peanut for the introduction of disease
and pest resistance as well as value-added traits such as improved vitamin,
protein, and oil quality, enhancing the crop product value, quality, and
safety. The genus Arachis, which itself is a repository for most of the valu-
able pest- and disease-resistance genes, could be used to transform culti-
vated peanut varieties. Current efforts include incorporating immunity or
very high resistance to several viral and fungal diseases through transfor-
mation of peanut cultivars that have very high demand for which no adapted
resistant peanut genotypes are available. Improved crop protection through
the transfer and expression of disease resistance genes will decrease or
eliminate the usage of pesticides, which are costly to the grower and may be
harmful to the environment.
Fungal and Bacterial Disease Resistance
Peanuts are susceptible to aflatoxin contamination; peanuts contami-
nated with aflatoxins cannot be used for human consumption. In addition to
their direct impact on the yield and quality of agricultural crops, they are of-
ten indirectly related to the introduction of plant pathogens, which produce
aflatoxins, a group of potent carcinogens. Development and integration of
plant resistance, biological control, and genetic approaches for application
in localized and area-wide pest management programs is a must for the
eradication of this fungus. Peanut produces stilbene phytoalexins in re-
sponse to fungal infection. Stilbenes inhibit fungal growth and spore germi-
nation of Aspergillus species and aflatoxin contamination does not occur as
long as kernels have the capacity to produce stilbenes. Stilbene synthase has
been identified as the key enzyme for the biosynthesis of stilbene. The gene
encoding of this enzyme has already been characterized and even success-
fully expressed in tobacco. Organ-specific expression of multiple copies of
a gene for stilbene synthesis is likely to enhance production of stilbenes in
peanut kernels and hence make them less prone to colonization by Asper-
gillus flavus and coincident aflatoxin contamination. Hydrolytic enzymes
such as chitinases and glucanases, which degrade the fungal cell wall, also
pose as attractive candidates for development of disease-resistant peanut
plants (Eapen, 2003). A novel approach of introducing microbial toxins
(phytotoxins) such as tabtotoxin acetyl transferase and glucose oxidase into
the plant has emerged as an efficient way to develop resistance in a wide
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range of host species (Eapen, 2003). This approach can be conveniently
used to impart resistance against bacterial wilt of peanut caused by Burk-
holderia solanacearum, formerly known as Pseudomonas solanacearum.
Virus Resistance
Viruses pose a great threat to peanut production throughout the world.
Viruses such as the peanut clump virus, peanut bud necrosis virus (IPCV),
groundnut rosette assistor virus (GRAV), peanut mottle virus (PMV), pea-
nut stripe virus (PStV), tobacco streak virus (TSV), and tomato spotted wilt
virus (TSVV) cause considerable damage to the crop. Genetic transforma-
tion has been used to develop peanut varieties with total resistance and not
just tolerance to these viral diseases. The insertion of genetic material from
the virus confers resistance to infection by preventing virus replication and
spread. The development of genetically transformed peanut cultivars with
resistance to viruses and other biotic constraints should have tremendous
impact on crop productivity, especially in the resource-poor agricultural
systems of the semiarid tropics. Franklin et al. (1993) reported transformed
callus expressing the PStV coat protein gene through Agrobacterium-medi-
ated genetic transformation. The introduction of coat protein gene of IPCV
by using Agrobacterium-mediated transformation has led to the production
of virus-resistant peanut plants (Sharma and Anjaiah, 2000). Besides, pea-
nut transgenics for resistance to GRAV, TSV, and PBNV are being produced
and evaluated in ICRISAT (K.K. Sharma, unpublished results).
Biofortification
Peanut is deficient in the essential amino acid methionine, besides
lysine, threonine, and isoleucine, which lowers its dietary and nutritional
value. The nutritional quality of peanut can be improved by either raising
the level of sulphur-containing amino acids of storage proteins or by chang-
ing the proportion of methionine-rich proteins already present in the peanut
seed. High methionine levels cannot be produced by conventional breeding
methods because of their failure to detect genotypes containing desirable
levels of methionine. Hence, genetic transformation is an alternative ap-
proach for developing methionine-rich-peanuts. Attempts have been made
to produce transgenic peanut plants with improved protein quality by trans-
ferring genes like the Brazil nut 2S albumin gene (Lacorte et al., 1997). The
regenerated transgenic plants are being tested for the incorporation of the
methionine-rich protein genes. The success in peanut transformation tech-
nology enabled researchers to address more complex and important aspects
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of biofortification in peanut for enhanced levels of beta-carotene (pro-vita-
min A) by using bacterial crtB and maize psy1 genes (ICRISAT, unpub-
lished results).
Improvement in Quality of Oil
The long chain saturated fatty acids (LSFAs) amyl arachidic (20:0),
behenic (22:0), and lignoceric (24:0), present predominantly in the sn-3 po-
sition, have been reported to contribute to arteriosclerosis. If further elonga-
tion of stearic acid can be prevented, peanut oil would be free from these
hazardous fatty acids. The elongation of the chain behind C18 is catalyzed
by membrane-bound enzyme steoryl-CoA-: -ketoeicosanoyl-CoA syn-
thetase. Engineering a gene coding for antisense RNA in peanut may help
reduce activity of this enzyme and hence of LSFA. For enhancing shelf-life
of peanut products, a higher oleic/linoleic (O/L) ratio is considered desir-
able. Increasing the protein of oleic acid in peanut oil can attain this. The in-
troduction of the first double bond in the plant fatty acids occurs by the ac-
tion of enzyme stearoyl-ACP desaturase. Expression of additional copies of
the gene for this enzyme may enhance the content of oleic acid and hence
the O/L ratio.
CONCLUSION
Plant regeneration from somatic cells is essential for successful in vitro
genetic manipulation techniques, since transformation efficiencies are di-
rectly related to tissue culture response. Genetic transformation offers a
complementary means to conventional crop breeding, especially for char-
acteristics that are rare or may not be available in the genetic resources of
peanut. We consider genetic transformation to be a tool that may allow the
breaking of gene transfer barriers for high productivity and nutritional qual-
ity of the crop. With the rapid progress in genetic mapping and the isolation
of new genes from various organisms, there will be new opportunities to
modify plants using a range of genetic strategies. It is important that inter-
nationally accepted biosafety standards and local regulatory capacities be
strengthened within developing countries. Development and deployment of
transgenic plants in an effective manner will be an important prerequisite
for sustainable use of biotechnology for crop improvement. The gains in
crop productivity through scientific advancement will help to achieve sus-
tainable food security, poverty reduction, and environmental protection.
Research on transgenic crops provides new tools to improve agriculture in
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areas of the world where low rainfall and biotic stress are the major con-
straints on crop productivity.
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